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Palloni and Arias 16 emphasized this second explanation for their finding that the mortality advantage is limited to foreign-born Hispanics, particularly those who were born in Mexico. Both of these explanations for the Hispanic paradox imply that the Hispanic health advantage is a feature exclusive to foreign-born Hispanics, rather than US-born Hispanics. Measurements of biological risk factors for poor health (e.g., blood pressure, blood glucose, and cholesterol) should provide objective indicators of health status that are related to subsequent onset of disease, loss of function, and mortality. [19] [20] [21] We examined differences in 10 physiological indicators by race, ethnicity, and nativity. 21 These indicators represent multiple physiological processes and have individually and cumulatively been linked to important agerelated health outcomes, including cardiovascular disease, cognitive decline, physical disability, and death. [22] [23] [24] We examined both a summary indicator of risk as well as blood pressure, metabolism, and inflammation risk profiles to investigate whether it was possible to identify which physiological systems accounted for overall differentials by race, ethnicity, and nativity. If differentials were concentrated among 1 or 2 sets of indicators rather than spread across categories, this would provide another indicator of how health differences arise. Risk profiles based on multiple factors are useful in the analyses of a variety of health outcomes. [25] [26] [27] The total number of indicators of physiological status outside the normal operating range has been shown to be a better predictor of health outcomes than individual markers, 21, 24 but differences in risk by type of marker may be informative for the analysis of racial and ethnic differences. It is possible that differentials in risk factors by race, ethnicity, and nativity may be more concentrated in some physiological systems than in others. For instance, Blacks have been shown to have a higher prevalence of hypertension, a cardiovascular risk factor, than either Whites or Hispanics of Mexican origin (Mexican Americans). 28 Conversely, metabolic syndrome is more prevalent in Mexican Americans than it is in Blacks. 29 Blacks also have been shown to have Not all empirical findings support the existence of a Hispanic paradox. Differentials depend on the domain of health and the population investigated. Evidence for a Hispanic mortality advantage is strongest among men, persons of advanced age, and those born in Mexico. 6 However, some studies have found no difference in mortality between Hispanics and Whites, 8 and others have questioned the data quality in estimates of mortality among Hispanics. 9, 10 Ethnic differences are even less clear-cut in analyses of function, disability, 11, 12 and morbidity. 3 Self-reports of health status may be influenced by cultural differences in reporting or differences in health knowledge acquired through interaction with the medical system. 13 Analyses of self-reported health status usually find that Hispanics report worse health than Whites. 1, 14 Researchers have argued recently that the migrants who immigrate are different from persons from the same country of origin who do not migrate may also play a large role in observed Hispanic health advantages, suggesting that the "paradox" may not be so paradoxical in a population that is heavily weighted with immigrants. 15, 16 The healthy migrant hypothesis provides 1 explanation for betterthan-expected health outcomes among Hispanics. 17, 18 It has been suggested that Hispanics who immigrate to the United States are healthier than Hispanics who remain in their country of origin; this selection of healthy persons from the sending population can improve the level of health in the receiving population. Another explanation of the Hispanic paradox is the 
METHODS Data
We obtained data from the National Health and Nutrition Examination Survey (NHANES) 1999-2002, a representative sample of the US civilian, noninstitutionalized population collected by the National Center for Health Statistics. NHANES included information from a questionnaire, laboratory analysis, and clinical exams. We used data for Whites, Blacks, and Hispanics aged 40 years and older (N = 5912) who participated in the laboratory analysis and physical exams and who had information on 10 biological markers used in our study (n = 4855) and additional independent variables (n = 4206).
The analytic sample (n = 4206) was ethnically diverse, consisting of Whites (n = 2338), Blacks (n = 717), and US-born (n = 505) and foreign-born Hispanics (n = 646). Hispanics were self-identified as born in or with ancestors from Spain or other Spanish-speaking countries in Central America, South America, or both, including the Caribbean basin. Hispanics of Mexican birth or descent who selfidentified as Mexican, Mexican American, Chicano, or Tex-Mex were classified as Mexican Americans. Because of the sampling design, the Hispanic population in NHANES 1999-2002 is primarily Mexican American (84.2%). The sample of 4206 persons who had complete data included 455 US-born participants who identified themselves as being of Mexican origin and 508 persons who indicated that they were born in Mexico. For the analysis of differences between the total Hispanic population and others, the data were weighted to represent the total US Hispanic population, about half of which is individuals of Mexican origin (46.7 %).
Respondents excluded from the survey because of missing data in all race and ethnic groups were more likely to be women, older, and to have lower education levels than those cases included in the analysis. Because of missing biological data, 16% of Whites, 16% of Hispanics, and 27% of Blacks were excluded. Whites and Hispanics did not differ significantly from each other in the percentage missing data for any of the 10 individual indicators; nor did foreign-born and US-born Hispanics differ from each other in the percentage of missing data for any of the indicators. However, foreign-born Hispanics were more likely than were Whites to lack values for blood pressure (P = .003) and were less likely to be missing data for body mass index (weight in kilograms divided by height in meters squared; P = .005). Blacks were more likely than other groups to have missing data for all indicators except body mass index. Self-reported health status for individuals who were missing data and for cases used in the analysis, when compared within racial and ethnic groups, indicated no difference in self-reported health for Blacks and Mexican Americans, but Whites and all Hispanics who are missing from the analysis reported somewhat worse health.
Some respondents had missing data for 1 or more indicators of SES, health behaviors, or access to care (n=649). Information about income was most likely to be missing (n=449). We tested the sensitivity of our results to the inclusion of people who did not report income by coding them to the mean of the poverty ratio and including a dummy variable to indicate their missing status. This did not change results.
Measures
We created risk scores by summing the number of biological risk factors that met clinical high-risk criteria. Details about measures are provided in Table 1 . Our measurements included 3 indicators related to blood pressure (systolic and diastolic blood pressure and pulse); 4 indicators of metabolic functioning (total cholesterol, high-density lipoprotein cholesterol, glycated hemoglobin, and body mass index); and 3 indicators of inflammation (C-reactive protein, fibrinogen, and albumin). Risk was determined by levels measured by clinical and laboratory tests without consideration of prescription drug usage. Although drugs can be used to control hypertension and cholesterol levels, many people who take them do not achieve levels below the cutoff of what is considered high, particularly for hypertension. 40 We developed a summary measure that indicated the number of elevated risk factors present in total (range 0 to 10) and in each of the 3 systems: blood pressure (0-3), metabolic (0-4), and inflammatory (0-3). We examined associations between race, ethnicity, nativity, and biological risk scores after we controlled for SES. [41] [42] [43] [44] We used 2 indicators of SES: (1) education (less than 12 years of schooling), which would reflect lifelong conditions, and (2) household income as a percentage of poverty level, which would reflect current conditions. The definition of education was limited by the detail on Significantly different from US-born at the P = .05 level. d The poverty income ratio was the ratio of the family income in a given year to the federally defined poverty level.
education provided in NHANES 1999-2002 as a result of privacy concerns.
To better account for sources of differences in biological risk by race, ethnicity, and nativity, we controlled for some of the mechanisms by which demographic and social factors might be associated with biological risk profiles, including health behaviors and availability of medical care. Health behaviors included an indicator of lack of exercise (no vigorous or moderate activity during the last 30 days), current smoking, and poor diet (defined as more than 30% of energy consumption coming from fat). [45] [46] [47] [48] Because health care use may also affect biological risk profiles and be related to SES, we controlled for current health insurance availability, either public or private, which we used as a proxy for access to health care.
Analysis
We determined the mean number of biological risk factors at high-risk levels by race, ethnicity, and nativity groups and adjusted for covariates using Stata 8.2 (Stata Corp, College Station, Tex) to account for the complex sample design. We first examined differences by race, ethnicity, and nativity; we controlled for age and gender because they both vary across these population groups and both are related to these risk factors. 49, 50 We then controlled for SES to examine how the means and differences in the risk profile score by race, ethnicity, and nativity would change. Finally, we added a control for health behaviors and access to care to determine whether race, ethnicity, and nativity differences were independent of these factors. Because there is significant variation in health, SES, and migration history 1 within the Hispanic population, we also separately examined biological risk scores in the largest Hispanic group, Mexican Americans.
RESULTS
In health-related surveys, socioeconomic characteristics of ethnic groups have been shown to differ in different national samples 49 ; therefore, it was important to clarify how the race, ethnic, and nativity groups in our analysis differed in education and income (Table 2 ). Hispanics had the lowest SES of the 3 major groups in our sample. They had the largest percentage of individuals who had low levels of education (49.8%), the lowest income-to-poverty ratio (2.19), and the largest proportion of individuals living below or near the federal poverty level (37.8%), all significantly larger than those for Whites or Blacks. Foreign-born Hispanics had significantly lower levels of education and higher levels of poverty than US-born Hispanics. Among Mexican Americans, those who were born in Mexico had very low levels of education and income, lower than those of Whites, Blacks, and US-born Mexican Americans. USborn Mexican Americans were less likely than other Hispanic groups or Blacks to live below or near the federal poverty level. Table 3 shows mean numbers of high-risk biological factors that have been adjusted for age and gender. Differences in risk profiles by race and ethnicity, and when controlled for age and gender, indicated that Hispanics had a higher average biological risk score than did Whites. This was true for total risk as well as for the metabolic and inflammatory subcategories of risk factors, which indicated that increased risk was spread over multiple physiological systems (Table 3 , model 1). Hispanics also had significantly fewer biological risk factors at high-risk levels in total and for blood pressure and inflammatory scales than did Blacks. Hispanics and Blacks had similar numbers of metabolic factors at high-risk levels even though previous research has emphasized high metabolic risk among Hispanics compared with Blacks.
Biological Risk Including All Hispanics
Both US-born and foreign-born Hispanics had higher numbers of high-risk biological factors than did Whites. In addition, US-born Hispanics had more inflammatory factors at high-risk levels than did Whites. A comparison of biological risk factors among all Hispanics who were US born and those who were foreign born indicated that the number of biological risk factors at high-risk levels was not significantly different between all US-born and foreign-born Hispanics.
The question of the Hispanic paradox deals with differences relative to SES, so it was appropriate to examine differences in biological risk factors while controlling for education and income level. After we controlled for SES (Table 3 , model 2), we found no significant difference in the number of risk factors at high-risk levels between Whites and all Hispanics in any of the measured biological systems, which indicated that if the distribution of low education and income or poverty were the same, biologically estimated risk would not be significantly different between these 2 groups. Another interpretation is that the differences are "explained" by SES. Results were the same for foreign-born and US-born Hispanics.
Blacks had a higher number of biological risk factors at high-risk levels than did Hispanics or Whites, even after we controlled for SES. Although Blacks no longer differed in metabolic risk from the other groups, the Health behaviors included current smoking status, poor diet (defined as more than 30% of energy coming from fat; from self-reports of all foods and beverages consumed in a 24-h period before interview); and no exercise (i.e., no vigorous or moderate exercise for at least 10 minutes over the past 30 days; vigorous activities defined as those that cause heavy sweating or large increases in breathing or heart rate [e.g., running, lap swimming, aerobics classes, or fast bicycling], and moderate activities defined as those that cause only light sweating or a slight to moderate increase in breathing or heart rate [e.g., brisk walking, bicycling for pleasure, golf, and dancing]).
e Measured as currently having insurance (private or public, Medicare, Medicaid/Children's Health Insurance Program, or other government insurance).
differences between Blacks and Hispanics and between Blacks and Whites hardly changed after SES was controlled, which indicated that Blacks had a higher risk for poor health than predicted by their level of SES. The disappearance of the difference between Blacks and others in metabolic risk indicates that the difference was related more to SES disparities than to disparities in other areas of biological risk.
Biological Risk Among Only Mexican Americans
When we limited our analysis of Hispanics to Mexican Americans, the results were generally similar to the results for all Hispanics. When we controlled for age and gender, the number of risk factors at high-risk levels in total and within the 3 subcategories was higher among Mexican Americans than among Whites. When we examined Mexican Americans by nativity, US-born Hispanics of Mexican origin had poorer biological risk profiles in total and within all systems than did Whites; Mexican-born Hispanics had higher total and metabolic risk levels than did Whites. The US-born population of Mexican origin did not differ from Blacks in their total biological and metabolic risk profiles, but they did have lower inflammatory risk than did Blacks. The Mexican-born population had lower mean numbers of total risk factors as well as blood pressure and inflammatory risk factors than did Blacks.
When we controlled for SES, US-born Mexican Americans still had worse total biological risk profiles than did Whites but not Blacks; they also had significantly higher total biological risk than did Mexican-born Mexican Americans. Also after we controlled for SES, those born in Mexico had levels of biological risk factors similar to Whites, in total and in the 3 subsystems.
Differences in Biological Risk and Health Behavior and Access to Care
To determine whether differences in health behaviors or access to health care explained the lower numbers of high-risk biological factors for foreign-born Hispanics and the higher numbers for Blacks and US-born Mexican Americans, we estimated mean differences and controlled for lack of exercise, current smoking status, percentage of diet from fat, and health insurance status (Table 3 , model 3). Results did not change much relative to the model that controlled only for SES, suggesting that differences in health behaviors and access to health care cannot explain the differences in biological risk. Mexican-born persons were much less likely to have health insurance than were US-born Mexican Americans (17% vs 45%) and were less likely to exercise (38% vs 58%); by contrast, they were less likely to have a high-fat diet (52% vs 73%) and did not differ in the likelihood of smoking. Our control for the combination of these factors did not affect differences between US-born and foreign-born Mexican Americans.
DISCUSSION
Our goal was to determine whether objective biological measures of health risk profiles would provide evidence of the existence of a Hispanic paradox. However, we did not find a Hispanic paradox in biological risk profiles. The Hispanic population had higher biological risk than did the White population on 3 of 4 scores (total, metabolic, and inflammation risk profiles), which indicated worse biological profiles across a range of physiological systems. The differences existed between Whites and all Hispanics and specifically for those of Mexican heritage. This finding is in line with numerous studies in the literature that have not found lower levels of risk in individual risk factors for Hispanics. 30, [51] [52] [53] Our control for the low SES of the Hispanic population eliminated the differences in ⏐ RESEARCH AND PRACTICE ⏐ biological risk between the White, total Hispanic, Mexican-origin, and foreign-born (Hispanic and Mexican) populations. When we controlled for low SES, we found that Mexican immigrants had a total biological risk profile similar to Whites and better than US-born Mexican Americans. This is not a Hispanic paradox but rather an indication that the high levels of risk in the foreign-born Mexican population relative to Whites are related to low SES. However, our control for SES did not eliminate differences between Whites and US-born Hispanics of Mexican origin. We were not able to "explain" this higher level of risk among US-born Mexican Americans relative to the White population. It may have arisen from the same social inequities that are at the basis of the differences between Blacks and others. This higher level of risk among US-born Mexican Americans relative to Whites, although not significant in the subcategories, appears to be spread across all 3 categories. When we controlled for SES, health behaviors, and access to care, metabolic differences between Hispanics and Whites disappeared, which suggests that SES factors played a role in metabolic risk differences. Our findings of higher metabolic risk for Mexican Americans are consistent with other studies that found this group to have a higher prevalence of diabetes mellitus. Because diabetes is primarily related to abdominal obesity, public health measures to improve diet and exercise in this group would mean reduction in the morbidity associated with diabetes.
Our study supports other studies that have found that the US-born Mexican American population has higher levels of cardiovascular risk than the foreign-born population. 54 In our analysis, the difference persisted after we controlled for SES and health behaviors and access to care. The higher level of risk in the US-born population relative to the foreignborn population appears to be unexplained by behavioral and care differences and may be related to initially healthy immigrants or the return migration of the unhealthy. The fact that differences in biological risk profiles by nativity are not as strong as differences in mortality may mean that return migration is more strongly related to serious illness than to the earlier-occurring changes in biological risk factors. 16 Our study and others 51, 55, 56 have found that
Blacks have higher levels of biologically estimated risk than do Whites, even after we controlled for SES and health behaviors. We also found this to be true for the US-born Mexican American population. The disproportionate burden of biological risk in the Black and USborn Hispanic population may arise from generations of social inequality, which was not captured in our measure of SES.
Overall, our results demonstrate the usefulness of examining objective measures of risk for mortality and other poor outcomes and the importance of addressing differences between subgroups of the Hispanic population. 1, 57 Objective measures of risk for mortality and other poor outcomes show that ethnicity, nativity, and SES contribute to differences in clinically relevant risk factor profiles, which point to the potential for appropriate interventions. In addition, these biological measures may help researchers avoid some of the interpretation issues they face with selfreported and mortality data.
9,10,13
Our study had limitations. First, although this analysis adds to the literature by providing information about racial, ethnic, and nativity differences in risk factors for major diseases, disability, and death, we do not know that these risk factors are equally important when it comes to producing these outcomes in all groups. This is an important area for future research. Second, only respondents who had complete data for all 10 biomarkers were included in the study. Those missing data were more likely to be women, older, Black, have lower SES, and have somewhat worse self-reported health than those respondents with complete data. If the sickest individuals were less likely to provide complete data, it is probable that we underestimated the poorer health status of the Black and low-SES populations; therefore, nonresponse is unlikely to change our conclusions. Third, educational information in this sample was limited to 2 categories, rather than a continuous measure of years of education. Having limited categories may have obscured differences in education levels, particularly at low levels of education. Hispanics, particularly foreign-born Hispanics, have lower levels of education relative to both White and Black populations. Finally, because the sample was predominantly Mexican American, our ability to look at other Hispanic subgroups was limited. Despite these limitations, this study provides evidence that Hispanics are not advantaged in their measured biological risk profiles.
